The five-year CSS rates were 32.2% and 37.2% in each group, with median survival time of 90 and 101 months, respectively (P < 0.001). Cox regression multivariate analysis showed that year of diagnosis, age, sex, marital status, grade, seer histology, tumor histology, lymph node ratio (LNR) and RLNs as a categorical variable were all significant prognostic factors for both OS and CSS. RLN count is an independent prognostic factor for Siewert type II GEJ cancer patients and patients can achieve better overall and cancer-specific survival with more than 20 RLNs dissected.
INTRODUCTION
Gastroesophageal junction (GEJ) malignancies are among the most common cancer-caused mortality worldwide. Approximately 1.4 million new GEJ cancers are diagnosed every year globally [1] . Its location ranges from the distal esophagus to the proximal stomach. According to the Siewert classification [2] . the GEJ cancers could be divided into 3 subtypes: type I GEJ cancers are 1cm to 5cm above the GEJ, while type II and type III cancers are 1cm to 2cm and 2cm to 5cm below the GEJ, respectively [3] . The 5-year survival for GEJ cancers were 30% with only surgery, which might be attributed to the high recurrence rate of this malignancy and its metastatic potential [4] . As the treatment of gastric cancers is different from that of esophageal cancer, the specific treatment for GEJ cancers remains controversial.
Based on the similarity between Siewert I GEJ cancer and esophageal cancer, Siewert III GEJ cancer and gastric cancer, the treatment for Siewert I and III type cancers mirror those for esophageal and gastric cancer [5] [6] [7] . However, the optimal treatment for Siewert type II cancers still remains to be determined [8] . Some authors preferred transhiatal extended gastrectomy for Siewert type II GEJ cancers while others insisted thoracoabdominal esophagectomy should be recommended [5, [9] [10] [11] [12] [13] [14] . Yuasa reported that Siewert type II cancers was associated with a significant shorter 5-year survival rates compared with type III (67% with 87%), he also pointed out a higher metastatic potential of Siewert type II cancers than type III [15] . Meanwhile, Siewert type Clinical Research Paper www.impactjournals.com/oncotarget II cancers were reported to have a two-fold lower 5-year survival rate than type III [9] . Accordingly, finding a refined surgical procedure with lymph nodes dissection solely on Siewert type II cancers is imperatively needed.
Lymph nodes resection was considered effective in improving overall survival in several tumors [16] [17] [18] . Given the metastatic potential of Siewert type II cancer, completed lymphadenectomy might have therapeutic value considering the removal of positive lymph nodes. As Resected Lymph Nodes (RLN) count is the main evaluation for lymphadenectomy, it might be a prognostic index in Siewert type II cancer.
In this study, we aim to demonstrate whether resected lymph nodes numbers have prognostic value in Siewert type II cancer patients and evaluate the potential effect of lymph node status and Lymph Node Ratio (LNR) on the overall and cancer-specific survival by using The Surveillance, Epidemiology, and Results (SEER) database. The Seer database allows us to examine the survival of patients across the facilities around the United States based on individual characteristics, including sex, age, time of diagnosis, histological subtypes, grade, radiation sequence, number of lymph nodes examined/removed, number of positive lymph nodes, marital status, et al.
RESULTS

Patient characteristics and lymph node resection
A total of 8396 patients who underwent surgeries and had reginal lymph nodes examined were identified from 1988 to 2013. Clinical characteristics of patients were shown in Table 1 . With a median age of 54 years old (range from 18 to 95), 89.2% patients were white people, 81.8% were male and 70.0% were married. The main tumor histology presented in this study was adenocarcinoma (81.6%), with 12.8% of cystic and mucinous neoplasms and only 2.0% of squamous cell neoplasms. As to the SEER histology stage, 51.0% were reginal, 33.5% were localized and the rest 15.0% were distant. Most of Siewert type II GEJ cancer were poorly differentiated (52.2%), with only 6.0% well differentiated and 33.2% moderately differentiated. The mean LNR in all patients was 0.319, and 3145 (37.6%) patients were node -negative, while the other 5251 (62.4%) had lymph node metastasis.
All patients were divided into four groups as categorical variables based on their RLNs counts (Group A [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] , Group B [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] , Group C [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] and Group D ).
In this retrospective study, RLNs counts were associated with the year of diagnosis (P < 0.05), race (P < 0.05), age (P = 0.003), sex (P = 0.029), tumor histology (P < 0.05), grade (P < 0.05) and SEER histology stage (P < 0.05), but was not associated with marital status (P = 0.860) and radiation (P = 0.055).
Prognostic analysis
Though RLNs as a categorical variable was a significant prognostic factor in both OS and CSS (P < 0.001), no significance was found when comparing the OS and CSS in Group D and Group C (21-30) patients (both p > 0.05) using Kaplan-Meier analysis (Figure 1 ). Multivariate Cox regression analysis also revealed the survival months in Group D was not significantly better than Group C (OS: HR = 0.959, P = 0.5; CSS: HR = 0.978, P = 0.748). The AJCC staging system suggested at least 15 lymph nodes examined for adequate staging in gastric cancer [19] . Multivariate Cox regression indicated the OS and CSS in 21-90 LNs Group yielded significant better survival than 15-20 LNs Group (OS: HR = 0.904, P = 0.019; CSS: HR = 0.891, P = 0.013). Therefore, we combined Group A and Group B together as (Table 2) .
After comparing the different lymph node ratio in Group 1 and Group 2, significant higher LNR was observed in 21-90 RLNs Group (P = 0.002) 
Survival in RLNs groups
The five-year OS rates for 1-20 and 21-90 RLNs were 26.8% and 32.4%, with a median survival time of 62 and 72 months, respectively (P < 0.001) (Figure 2A ). While the five-year CSS rates were 32.2% and 37.2% in each group, with median survival time of 90 and 101 months, respectively (P < 0.001) ( Figure 2B) .
After examined the effect of RLNs on OS ( Figure 3 ) and CSS (Figure 4) by sex, we found that the survival benefit was significantly better in Group 2 than in Group 1 both in male and female (P < 0.05).
The prognostic effect of RLNs on OS and CSS by grade was also examined, and it was significantly associated with OS in well, moderately and poorly differentiated grade tumors (P < 0.005), but not associated with OS in undifferentiated grade tumor ( Figure 5 ). As to the CSS, in moderately and poorly differentiated grade tumors, significant survival can be benefited from 21-90 RLNs Group (P < 0.05) (Figure 6 ). Besides sex and grade, seer histology and tumor histology were also examined on their effect of RLNs on OS and CSS. Seer histology stage was divided into 4 subtypes (reginal, localized, distant and unstaged), and we found that among all these four subtypes, RLNs were significantly associated with OS ( Figure 7 ) and CSS ( Figure 8 ) (P < 0.05).
As to the tumor histology, overall survival benefits can be achieved from Group 2 patients in adenocarcinoma, cystic, mucinous and squamous carcinoma (P < 0.05) (Figure 9 ), while CSS were associated with RLNs in adenocarcinoma, cystic and mucinous carcinoma (P < 0.05) (Figure 10 ).
DISCUSSION
In recent years, an increasing trend of Siewert type II GEJ cancer was observed in the western country [20, 21] . Due to the aggressive behavior of GEJ cancers, it often resulted in a low survival rate. Currently the main treatment for GEJ cancers is surgery. However, surgical approaches were quite different among three Siewert type GEJ cancers. For Siewert type I and type II cancers, the main treatment mirrored the approaches for esophageal and gastric cancer, respectively. However, the standard procedure for Siewert type II cancer remains controversial [22] . Based on previous studies, the survival of Siewert type II cancers decreased significantly (53% to 11%) when there were lymph nodes (LNs) metastasis, which indicated LNs as a prognostic factor for this cancer [23] . Accordingly, adequate lymph nodes dissection may improve the prognosis of patients. The AJCC staging system suggested at least 15 lymph nodes examined for adequate staging in gastric cancer [19] . For oesophageal cancer the minimum number for resected LNs was not well defined [24] , studies have reported the adequate number of LNs ranging from 10 to 40 [25] [26] [27] [28] . As to the GEJ cancers, no large cohort study has been reported to validate the optimal RLNs number in Siewert type II cancer. Using the SEER database, this study is currently the largest study exploring the association between survival and the number of RLNs during surgery in Siewert type II GEJ cancer patients.
In this study, we demonstrated that the number of RLNs was an independent prognostic factor for overall survival and cancer-specific survival in Siewert type II GEJ cancer patients. 21 or more resected lymph nodes indicated better survival in Siewert type II GEJ cancer patients. Studies revealed that missing positive lymph nodes will lead to false negative results with poor survival rates [29] . Our study also revealed that with more resected lymph nodes (Group2), the LNR was significantly higher than inadequately resected lymph nodes (Group1) (P = 0.002), which further clarified that adequately removed LNs can result in accurate stage classification with proper intervention. In addition, we also observed age, year of diagnosis, sex, marital status, grade, seer histology stage, tumor histology, radiation and LNR were prognostic factors for Siewert type II cancer. After stratified by sex, grade, SEER histology and tumor histology, the number of RLNs is still consistently associated with OS and CSS. According to our results, we recommended surgeons should at least dissect 21 lymph nodes to achieve satisfying prognosis of Siewert type II patients.
Besides lymph node resection number, lymph node resection extension is also of great significance for stage and survival in GEJ cancers. Generally, esophagogastrectomy with two-field lymphadenectomy (abdominal and thoracic) was the standard surgical procedure for Siewert type I cancers, while in Siewert type III cancers formal D2 nodal dissection along with total gastrectomy was recommended [22] . The optimal extent of lymphadenectomy for Siewert type II cancers still remains controversial.
In Siewert type II cancers, the main affected lymph nodes were the paracardial and lesser curvature nodes, followed by nodes in the lower mediastinum, suprapancreatic and greater curvature [30] . Stipa et al. suggested total gastrectomy with radical lymphadenectomy could lead to longer survival time [31] , while other studies argued that limited lymphadenectomy (paracardial and less curvature nodes) with proximal gastrectomy enjoyed significant improved overall and cause-specific survival [30, 32, 33] , which might be an alternative to radical surgical procedure. In the study conducted by Omloo et al. [34] , though patients with 1 to 8 positive lymph nodes benefit significantly from meaningful radical lymphadenectomy (41% increase in 5-year cause-specific survival), radical lymphadenectomy did not offer the same benefit in patients without positive lymph nodes or those with more than 8 positive lymph nodes.
Multimodality treatment including preoperative chemotherapy or radiation were validated to yield more satisfying survival outcomes than surgery alone in several studies in Siewert type II cancers. Van et al. enrolled 366 patients with esophageal and gastroesophageal junction cancers and revealed that preoperative chemoradiotherapy enjoyed significant improved 5-year survival than surgery alone (47% vs 24%) [6] . A phase III trial of trimodality therapy also found that the median survival time of GEJ cancer patients can be extended from a median of 1.79 years to 4.48 years, along with the 5-year survival rate elevated from 16% to 39.13% when chemotherapy and radiation was prescribed prior to surgery [35] .
There were some limitations in this study. Firstly, the Seer database lacks the data on pathological stage, chemotherapy, the regimens of chemotherapy and other potentially influencing factors that might affect the survival. However, the Seer program offers the data of large number of patients, which may decrease the selection bias generated during single center analysis. Meanwhile, a large prospective multicenter study still needs to be implemented to validate the optimal numbers of RLNs in patients with Siewert type II cancer. In conclusion, RLNs was an independent prognostic factor for Siewert type II GEJ cancer patients and patients can achieve better overall and cancer-specific survival with 21 or more LNs dissected.
METHODS
Patients
Data was retrieved from the SEER registry, which covered approximately 28 percent of the population of the United States. Patients with Siewert type II GEJ cancers from 1988 to 2013 were identified from the SEER registry. The SEER did not include the Siewert classification in the database, so we included patients satisfying the conditions of both CS Scheme entry of "EsophagusGEJunction" and Primary Site entry of "Cardia, NOS". Patients without surgery or with multiple primary malignancies were excluded, those with no or unknown reginal lymph nodes examined were also excluded from the study. Informed consent was not required for the extraction of data from SEER program. This study was approved by the ethics committee of the Sir Run Run Shaw Hospital.
Clinicopathological factors
The following clinicopathological factors were collected from the SEER database: age, sex, year of diagnosis, race, histological type, grade, seer historic stage, marital status at diagnosis, the number of RLNs, and the lymph node ratio (LNR). The number of RLNs was the total number of regional lymph nodes removed. The LNR was the ratio of the number of positive lymph node to the total number of RLNs. Vital status, cause of death and radiation were also recorded.
Statistical analysis
The χ2 and Fisher's exact tests were used to analyze differences between qualitative data. Multivariate Cox regression analyses were generated to analyze risk factors for overall survival (OS) and cancer-specific survival (CSS). Survival rates were plotted using the Kaplan-Meier method and compared using the log-rank test. Lymph node ratio (LNR) between different resected lymph nodes (RLNs) groups were compared using Mann-Whitney U test for unpaired data. All data were analyzed with the SPSS statistical software package, version 23.0 (IBM Corporation, Armonk, NY, USA). A p value of < 0.05 was considered significant.
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